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ABSTRACT 

This paper discusses the classroom, home, and distance use of 
new, flexible, interactive, application-oriented software known as Active 
Learning Suite. The actual use of the software, not just a controlled 
experiment, is reported on. Designed for the e-learning of university 
mathematics, the program was developed by a joint U.S. -Russia team and was 
funded in large part by the National Science Foundation (NSF) . Attention is 
directed to the fact that this integrated mathematics curriculum software has 
a multi-level structure and a flexible format to allow for a personalized 
pace of learning and to accommodate students with poor backgrounds, those 
with some knowledge, and those who are more advanced. The program may be used 
in classrooms equipped with stand-alone computers, a local network, or over 
the Internet for distance learning. A major goal of the project is to help 
students reach a better understanding of concepts, parameters, and 
mathematical tools as well as learn how to apply a systematic approach to 
everyday problems and situations. The paper discusses the state-of-the-art 
graphics and interactive lessons, which are designed to stimulate each 
student’s involvement in his or her own learning at the appropriate level and 
pace. A sample lesson, the effects on performance and learning, and the 
reactions of faculty and students, both local and distant, are included. 
(Author/KHR) 
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ABSTRACT. This paper discusses the classroom, hcane, and distance use cf new, flexible, 
intmctive, aiq>licati<Hi-oriented software, known as Active Learning Suite. This paper serves 
as a r^rt of die use of the scdtware and not of a ccmtroUed experiment. Designed for the e- 
leaming of university mathematics, the program was developed by a joint US-Russia 
and was funded in large part by the Natitmal Scioice Foundaticm. Attrition is directed in the 
p^ier to the &ct that this integrated mathematics curriculum software has multi-level structure 
and flexible ftxmat to allow a personalized pace of learning and to afinniiimnrfaif! 
with poor badrgrounds, those with some knowledge, and diose wlm are more advanced. The 
paper details that the program may be used in classrooms equipped with stand-alcme 
cmnputers, a local network, oi aver the Internet for distance learning. A major goal of tl^ 
prqect is to help students readi a better undostanding of concepts, param^ms, and 
mathe m a ti ca l tools, as well as to learn how to ^ply a systematic approadi to eveiyd^ 
problems and situations. The papa* discusses the state the art gra]diics and interactive 
lesstms, which are designed to stimulate eadi student’s involvement in his/her own learning, 
at the q)propriate level and pace. A sample lesson, the eflects on perfo rmanc e and learning 
and the reactions of faculty and students, both local and distant, are ineinHivi 
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1. Introductim. Developed under the leadership of Dr. Yakov Chemer of AteL (Advanced 
Tools fin: e-Leaming), Active Learning Suite (ALS) introduces mathematic al and sciemific 
coiKepts through pedagogically sound OHuputer-based activities and simulations as*g QC»a t cd 
with real-world situations. A major goal of the project is to help students teach a better 
undm-standing of mathematical omcepts, parameters, and tools, as well as to learn how to 
^ly a systematic approach to eveiy-d^ inoblems and situations. The softwme naturally and 
visually bribes mathematics, science, and technology-based fvhicatinn Active t 
Suite is (hfferent fimn mme traditimial educational software in that it allows students to 
engage in the stu^ of familiar real-wmld systems, including the interccmnectimis existing 
between various system compmients. The prc^ram uses real-life situations, <mch as those 
related to plumbing, wiring golf, teleconumirucations, human circulatory system, kitchens, et 
cetea, as the cmitext f» investigations. This oiables tire users to discover the connections 
between theory and Ak practical ^plications in technology. 



A main goal ctf ALS is to inqtrove the teaching and learning of mathemati c s arri science in 
coiijuncticm with advanced tedmology. The aim is to oigage students in the teaming pnKess 
and replffi^ passive learning modes with active modes. The software is Hegigned to assist 
students in exploring physical concepts and laws based <m applicatitm-oriented coitextualized 
learning situatimis arul thoeftxe link mathematics and science content and technology 
education around real-life technical problems. The vital link of physical ctmcqrts with real- 
life experiences and career goals ft>stmn the students’ perception that mAriipmati rg and science 
classes, sudi as calculus, applied mathematics, and physics, provide them with useful 
knowledge. The software provides the ftamework for integratirm of various 
resources available fiem differmit sources including die Web. [Ij This p^ier reports on the 
use of the software hy the writer and his students and does not purpmt to be a controlled 



experiment 
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2. Pedagogical Strategies and Software Features. MaiQ^ educatcas believe that studoits 
are better at learning concepts if they have ejqjerience with the coiaete {dienomena that are 
being studied and if they are aware of the potential applicati(His a£ the knowledge thqr are 
acquiring. It is fiirdier believed by many educators, th^ learning mathematics using inquiry- 
based activities, visualizatimi, and virtual e?q)erimentation in the context of real-world 
situations can help to foster the learner’s confidence to ask qi^tions, test lQp(ttheses, and 
contribute ideas to the group. ALS subscribes to and is built uprxi these beliefs. 

Althou^ use of a ncm-traditional pedagogical approach is recommei^ed, the proposed 
software can also be used as part of more convention^ teaching and learning strategies. In the 
learning Qfde based on this software, visualization, modeling, and visual experimentaticxi 
help studorts build up their qualitative understanding before mastoing quantitative principles. 

In ccmtrast to the convenfirmal linear teaching strategy that follows the topics and laboratories 
in a standard textbook, the prtqrosed learning cycle first oigages the students in a fenn'Kar 
real-lifo situatioiL Only then, in the context of this situatimi, are rdevant mathematics and 
science concepts and laws explored and studied. While doing this, tte tftarliCT demonstrates 
how knowledge of fimdan^tal mathematics can be q>plied to achieve a better result in 
solving specific technical problems. 

The project materials actively focilitate interactive group learning and occupation-oriented 
role games. This helps the instructor to create an inquiry-based atmosphere in the classroom 
and brings a cmnpetitive elemmt of e»titement to the learning process. 

The instructor can require students to use the software to do smne computer-based 
erq)eriments or problon solving outside of the classroom. In this way, in-class time can be 
traded fax outside-of-class time, thus fieeing up classrocan time for activities that utilize the 
instructin' most effectively, hi addition, out-of-dass exploration activities prim’ to classromn 
discussicm help to prqiare students mentally to accept ideas during the follow up lesscm. To 
efficient^ understand a new concqit, students have to think about the concept befme formal 
stu^ begias. [3] 

The contextual links created bctweai the curriculum and the students’ expectations and career 
paths allow the instructor to maintain studmit interest Students can wmk in groups to use the 
software, hi doing so, tiiey have the oi^rtunity to explain their tho ughts auH predictitms to 
their peers. Effective peer instructicm promotes collabmatitm witiiin teams and cmnpetitimi 
between teams. [4] 

The teachm can prepare difiment tasks ion different students depending upon their grasp of 
the (xmcepts and their badcgrour^. hi this case, not only the ruunbo’ and level of taatra but 
also the pace of learning can be perscmalized. This is an innovative way to solve a classromn 
managmoit problem; namely tfa^ studmits wmk and learn at different rates, no matter how 
hmnogeiKOusly they are grouped. 

The program m^ be integrated into existing courses and can help instructors seamlessly 
move fixan a convoitimial lesson format to a more innovative reaching technique. The 
networking versim will Mng an additicmal flavor to the software features. Because virtually 
everything in Active Learning Suite can be controlled fiom a script, the teachpr can fr<gii 
his/her cmiputer, oonpletely manipulate a remote student’s computer in real rinw- 

Althou^ the software is divided into individual secticais, which m^ be used independentfy if 
desired, it is best to be used as an orchestrated vhole. Rather than a set of 
educational conponents. Active Learning Suite is a sin^e, ccanprehoisive, multi-purpose and 
multi-fimctional systmn, vhich is an end-to-end eLearning soluticm. The architecture is 
designed fiir interoperability arri compatibility with major learning platforms and software 
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packages. It offers adaptive assessment and traddng systems and networidng opticHis. 
Commercial uses in non-academic areas are included c<xporate training. In addition, all or 
part of Active Learning Suite is in use in the United States, Russia, Germany, Polaml, and 
France, making it truly international. [1] [S] 

3. Classrooms. Classrooms can be set up with a single cranputer and display screen, a few 
cmnputers that teams m^ wok around, <x an artire classroom of computers in whidi ^ ach 
student has his/her own. The teacher can structure the presentation and use of the matpHaic 
acccading to the available tedinology. In many cases studoits have their own conqruters and 
usually have access to the Internet In these cases, students can spend most of dieir software- 
usage time outside class, and the instructor can use class time fix’ large idea presentations or 
special student-based presentations to tte groiq>. hi classes with num^us compute, groups 
O’ individuals can use the software in class while tiie instructOT acts as a resource and a 
fecilitato’. The more time students spoid using the program, whetfao’ in class or outside of 
class, the greater the benefit th^ will receive fi’cxn it. It is iq> to the instructor to budget the 
time and usage drat he/she feels will best serve the students. 

4. Distance Learning. In recent years, many higher educational institutions have developed 
strong distance lea r ni n g courses and degree prc^rams. Companies also have converted 
traditicHial trairung into distance learning. Active Learning Suite uses its proixidary software 
tools and techndogy to help both institutions and corpoate training dqrartments enta* the 
world of e-leaming by creating an on-line content authoring, delivery and management 
system to use fer both digital summnds of classroom based courses and fiilly on-line 
offerings. Hie options incliufe real-time classrooms, self-paced or asynchronous learning, and 
collaborative learning through the use of e-mail, chat, instant messaging, and active voice 
communication. The use of the fetemet makes it all possible, [xactical, and adventurous. [1] 

5. How Active Learning Suite Will Be Used By Students. The timeline for students may 
vary fiom (me to several hours pet mrxlule. The same module can be used several 
because each module covers more than a single t<q>ic. For example, the electrical kitnliCT 
stove module illustrates topics fiom electricity such as resistance and Joule’s law, aiul then 
when a pot of water is placed on the stove, heat and wate'-vapcx' jAase transitions can also be 
ccmsidm^ Much depends on the educaticm level of the studotis and teacher’s 
preferences and style. All (v scmie (xT the component modules can be used sqrarately if 
desired 

Materials can be used during a lecture fix virtual experiments, as an Interactive 
Demcmstration or to complonait part of a laboratory exqxerience. The mattyials can also be 
used by a growing number of students who have computers at hrxne. The hiteractive Lesscms 
and Problem Solving Ttitor m^ be used both in class and at homa The network version 
opens new horizcms fbr distant^ learning and teaching, particularfy fi>r adult studeirts and 
petple with disabilities. [2] 

6. Sample Lesson. A classitxmi instructor may first present any relevant matftrial to stucfents 
in traditional lesscm fixmat, but ALS is designed so diat such jxesentaticm is not necessary. 
Being a traditionalist but also being open-minded, the instruct<x (write-) tried each fixmat. It 
was felt that initially otae m^hod (lid not out-weigh the other in its effect on student 
perfixmance. Howevo-, after a few sessions, students were so anxious to work with the 
software lessons that the “instruction firsT method (miy caused frustration and lack of 
attentiveness. Students preferred to ask ({uestions (m an “as needed” basis. It is recommended 
that eadi instructcx similarly try eardi method until a level of comfixt with one method or the 
other or a crxnbination of the two is determined. This may vary according to the learning 
needs and styles of the students in each class and the cmnfort level of the instructor 



ALS uses a combination of computer voice, on-screen text, gr^h, table, and visual animated 
simulation <m each screen of each lesstm. Students are presented a topic and backgroimd 
information. A demmistration is provided in which the rel ationshi p and interaction of the 
parameters is discussed and viewed (m-scieeiL Students are asked to change various 
parameters and examiiK the results these dianges have on the tables, graphs, and nnimatpd 
simulations. They are tl^ able to make conjectures and erqplore these through further on- 
soeen manipulation of variable conditions and paiamet^ values. 

One such lesstm examines and simulates heat transfer throu^ a wall of a house. The student 
can preset the type of material in the wall, the thickness of the wall, the temperature inside tte 
house, and the temp^ture outdoors. Through on-screen siiwulatinns ^ the stii^nt can obsove 
the effects, both physical and graphical, of changing various parameters. The student may first 
use the “autoexplmre” cations in whidi the software runs a short demmistratiai of each 
change of parameter. He/she then make predictions as to how chang ing certain 
parameters w combinaticms of parameters will affect tire situaticm. The studmit may 
immediately test those predictions and (foserve the simulated results on-screen. For example, 
the stu^nt m^ change the thickness of tte wall to see if it slows down the transfer afloat <x 
he/she try a different wall material to see if it increases or decreases the rate and ammmf 
of heat transforence. If the stu^t changes the inside a oittside temperature, the animatal 
picture changes to reflect the conditicms, climate, or ev^ the seasort The ccnnbination of 
sinuilated and gr^hical resultant changes on-screen is designed to help the student obso^ 
the effects of his/her changes inunediately and provides a strong and essential visual link 
between mathematics and real world effects. 

hr the heat transfer lesson, sti^mits interpret grqhs through the on-screoi plotting in “real 
time” of the resultant behavicn* of each altmed cemditiem. The functions are invariabty on more 
than one variable. Through on-scseot ol»arvati(ms, students have the opportunity to explcne 
how changes in one variable can affect the others without the tedium and drudgery of 
coimtless recalculations by hand Rate of change is used in this lesson by discovering how 
fectors, sinh as wall material, wall thickness, change in inside tonperature, and change in 
outside temperature, affect the amenmt and rate of heat exchanged threiugh the \rall. 



7. . Studrat Results and Feedback. Through intmviews, daily discussions, and many large 
group discussions, seventeen students in Calculus I have provicled feedback on their use of the 
Active Learning Suite software. The classrcxun was configured with a teacher’s computer 
work and dononstration statiem and two studoit compute work stations, all three of which 
were cm the local n^enk and all tiuee of which had indepoident access to the Intemet TTmie 
was a computer lab available in a nearby room with twenty-four more studrat wenkstations 
(identical to die two in the edasstoom) for use by the class whenever desired. Each of the 
seventeen students had a home computer and access to the Internet The software was used as 
an integral part of the course artd not merety as an amusing sqrplement The students reported 
that l3aey enjoyed tire hands-on tqrproach to calculus and fcxind the real-life applications and 
intmactive graphics extremely Irelpful. Ten of die students were ccxnputer literate and adept in 
the use of graphing calculatcms, so their transitiem to dm software of the Achve Learning Suite 
was ea^. The other seven stiidents showed brief trqridation at the prospect of using the 
software to learn dieir mathematics, but they later reported in interviews quickly overcoming 
their fears when they began to enjoy the intmactive and flexible nature of die program. 

The program was also used by five otho* students as a distance learning project They did all 
of their work at home throu^ e-mail and chats and direct ccmnection to the software 
packages. The amount of e-mail and die excitement illustrated durir^ the chats illustrated how 
mudi the program was miqilctyed atxl enjcyecL According te student feedbadc durir^ 
int^views and gremp meetings, chats and the interactiem with the actual software components 
oflfeet the chs^vantage of not being in class for the interactiem of classrocmi disais gin nfi The 
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studotts not only e-mailed and chatted with their instructCH', they e-mailed and chatted with 
each other about the lessons. Active Learning Suite offered these students immediate 
feedbadr and cxHistant interaction, rather than a time del^ waiting for a response to what was 
just drnie or tried. Each student involved, in-class and distant, rqxnted a soise of irxqrroved 
prd)Iem solving skills and an itKtease in the desire to spoid time doing mathematics. 

8. Results of Other Students Who Tried the Scdtware Without Direction. Twoity 
studoits in a programming class volimteered to be what th^r thought w^ Beta-testers of tte 
software. They had a wide variety of badcgrounds and abilities in madianatics, science, and 
technology. They were as hetCTOgeneous a group as one might expect, except for the fact that 
they all eigpyed programming and were anxious to be Beta-testers. After four mondis of 
irK^>endent eiqterimenting, diese studoits reported individually through email and intmview 
that diey enjoyed the software, thought it a wonderftil wty to learn, and wanted to know how 
to enroll in courses which were planning to use the software. They were then brought togethm' 
to discuss their results as a group. The discussion never once turned negative. The excitemmit 
and interest goierated by the program was overwhelming. Evmi those students with limited 
b^kgrounds or abilities in mathematics and science rqxHted iralividoally and in the group 
that diey found the lessons infirrmative and fun and felt they benefited fi'om them. 

9. Reaction of Faculty. The feedback from odier ALS instructors, through interview and 
discussion, was endiusiastically positive. They reportedly enjoyed the heightened interest of 
their students and welcmned tte [nogram as a stimulant to their own interest in the material 
The ability to see, fi'om more than or^ perspective, the immediate result of changing one or 
more parameters in a problem was a major plus cited by all. Most admitted that they spent 
dieir spare time experimenting wifii various scenarios of die software for their own 
emichment, as much or more than fix class preparaticni. The instructors were pleased that the 
e-mail th^ received fiom their students regarding assigned problems was crmstrucdve and 
inquisitive rather than desperate. 

10. Summary of Points One through Nine. As discussed. Active Learning Suite in an 
application-oriented, integrated curriculum software package fcv madiematics, science, 
engineering, and technology educatirm. The program emplctys a situation-based approach 
rather than a conventional domain-centered ^proadi to involve students of various 
backgrounds and abilities in their own learning. The goal is to migage students in exploing 
learning situations associated with the real world and their career objectives, (^len-mled 
software, assessment tools, interactive lessons, problem solving tutorials, and simulation 
modules of real-life situatimis allow students to actively participate in modeling and virtual 
experimentation and to observe the physical processes fiom maooscopic to microsctqtic 
levels. Tools are provided th^ enable teadiers to assemble a computm'-based learning 
environment fiom heterogeneous sources and the Internet. The software can be used in 
classroom equipped with stand-alorte conqruters, a local network, or over the Internet fin- 
distance learning. 

Amcmg maity in the educational community, there is currentty an em phfl.«»is on providing 
multiple reinesentations of i»oblem solutions and a realization that various learning styles 
require a variety of presentation tedmiques. ALS’s combinatim of computm- voice, tm-soeen 
text, table, grq>h, visual animated simulation, and enqrhasis on conjecture and 
experimentatitni addresses these issues. 

The materials are designed for a wi^ audi^ce including; students mooring in mathanatics 
or science <»- engineering <x technology; tiiose students not mooing in these areas but 
seeking literacy in diese areas in anticipation of workplace demantfa ; two-year college 
students ^rolled in mathematics, science, argineering, or tedmology; and high school 
students taking calculus or physics or those involved in career prq>aration programs. The 
software has a multi-level structure and flexible fixmat to accommo^te students with pow 
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madiemafi cs and science backgroumls, tlK)se with some knowledge, and those with advanced 
knowledge. 

Active Learning Suite’s <m-Iine teaching and learning systm emphasizes problem-based 
learning. It is designed to diallenge leamos to develcp effective problan-solving strategies 
and critical thinking skills. This enables the learner to discovo* ±e connections b^wem 
thecHy and practical applicatioa The pr ogr am provides instnicticHial q>portunities on campus, 
at home, in a COTpivate setting, or duough distant learning. [1] 

The instructor (writer) discussed in this p^>er is extiemdy pleased with the results of ALS 
within his classes and is excited about ccmtinuing its use in the future. 
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